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Abstract A little work has been reported concerning bioleaching of heavy-metal contaminated soil using
Acidithiobacillus ferrooxidans, since this acidophile is sensitive to low molecular weight (LMW ) organic acids.
Effects of LMW organic acids (formic, acetic, propionic, citric, malic and oxalic acids) on Fe’* oxidation by
A. ferrooxidans R2 were examined, and the concentrations of LMW organic acids in soils (from Shenyang Smelt-
ery and Zhangshi irrigation area) were determined by high performance liquid chromatography (HPLC). Iron ox-
idation by R2 was inhibited by a variety of LMW organic acids. Growth experiments with ferrous iron as an oxi-
dant showed that the inhibition capability sequence was formic acid > acetic acid > propionic acid > oxalic acid >
malic acid > citric acid. Formic acid was the most toxic that the inhibition rate was up to 60% at the concentra-
tion of 0.064 mmol/L and the oxidation ability of R2 was entirely inhibited at the concentration of 0.254 mmol/
L. HPLC analyses showed that the highest concentrations of LMW organic acids in the soils were 0. 04 mmol/L
and 0. 149 mmol/L oxalic acid, respectively. Although R2 was sensitive to organic acids, the concentrations of
LMW organic acids in the contaminated soils were rather lower than the tolerable levels. Hence, it is feasible
that R2 might be used for bioleaching of heavy metal-contaminated soils.
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Table 1 Physico-chemical characteristics

of the contaminated soils

% H D AEREE Y ik X
pH* 7.8 6.1
HHLBT(% ) 3.42 3.32
BE(%) 0.064 0.15
AP (mg/kg) 14 150 18 020
5 (mg/kg) 26 606 12 056
£ (mg/kg) 1357 4818
1 (mg/kg) 1 100 106
2 (mg/kg) 7 760 492
fh (mg/kg) 105 9.86
# (mg/kg) 21 138 113
* 1K =1:2.5
1.1.2 BEAkE

RS T A MR i 55 1 mg FR PE AL e B 57
RUBRAT B A S50 28 402 1 1 S A R AT 1 R2
1.1.3 354k

WU Leathen ¥ 1A 55 95 5E .

A ¥ : (NH,),S0, 0.45 g;KC1 0.05 g; K,HPO,
0.15 g;MgSO, - 7H,0 0.5 g;Ca(NO,),0.01 g;7&1H
7K 700 mL;5 mol/L H,S0, 75 pH =2.0,

B ¥ :FeSO, - 7TH,0 20 g,z /K 300 mL,

A VW 121°C 3 5K TE 1S min, B IR AL OB B
(¢0.22 pm) A5 HHIEER A
1.1.4 3% 7

SRR (18 [E Merck 23wl 57, 44k, G.
R.), HER (R RS B AL 25 30 A | WA a1
ali) ; LR R R FNE A R (3L 7748 T BA T X 74
—J7,G.R.); (NH,),HPO, 1 H,PO, ( K Ht Bl %

WAk 250 A 7L G R s A HLERAE IR (1 ¢/L) ;i
4li/k (EASYpure RF,Barnstead, 35 [H ) ,
1.5 & &

BT (Olympus BH-2, H A% ), 4 4 L B2
(JSM-T300,JEDL, HA) , ¥ AH (35 A (22 5848 & 2%
WA €5 3% AL, Agilent 1100, € [& ), TOC 5 il {X
(Multi N/C,, 3000) , ¥ T4 (FD-1C-50,Jt 5T
P HESE B A 4% A R 2 |, 3% IR (HDL, HZQ-C, I /K
%) .

1.2 7 &
12,1 &% F 3 A A8k BAL T 2k B AT 1 AL
Fe’* %+

WOK )5 BB E TS Leathen 15 5 5 85 mL iz A
250 mL B, ATE L 3 WAY R2 B, D
15% (A 48 ), R I A A A ok B2 iy 2o
0.22 pom I8 15 5K I B A HLBR ¥ K, 150 t/min, 30°C K
I, B 24 h BORE 0.5 mL, SR AT 1, 10-28E % ik
360G B 2 (UL L 3R AR 73 # ) 23 B 35 5% 15 W v
Fe’ " [R U B, 28 A0V (M LR FH 28 1Bk b 72

B AT AL IR B W B AR U (mmol/L) « H1 R
(0,0.064,0.127,0.254,0.3184 ), & (0,0.1,
0.2,0.4,0.8,2.0 ),Nfk (0,0.1,0.2,0.4,0.8,
2.0),% /% (0,0.4,0.8,2.0,10),3 8% (0,6.0,
10,20,40) , #7158 (0,10,20,40,80) , =5 X IEAS
s FA HLER , DL AR B TE KA
1.2.2 2 FEMEANRRRLG N

+ 3 p AR A HLE (dissolved organic matter,
DOM) M4RBOL SR WL SCHR[19]. DOM 3 i 2% IR
T 46 5 KA T - 20°C vk A H . B TOC A6 X
I & 25 B B9 DOM 0, 2 B R T &
B gk L HE X L e DOM [k B 73 591 0 24. 22 mg
DOC/kg and 189.12 mg DOC/kg,

1.2.3 HPLC % & &1+

WHE 1 oy B &5 . Zobax C18, 250 mm X
4.6 mm; i s #M1. 5 ¢/L (NH,),HPO,-H,PO, ( pH
2.5) ;% :0.6 mL/min; Jii J& .35C ; gEAERE 10 ul;
Kl 2% . diode array detector ( DAD) ;£ :215 nm,
JIT A RE R R L AT 0. 22 um YE R
1.2.4 X3 F A B E

K 2 FhO7E R e TR A HLIR 4 o E AR
] 25 A A it €0 335 P 5 A L IR b o T €5 3 [
05 B, R A R B IRk 18] 8 2 A O v RO AT LR 5 ZEAE
T A BLIR 14 b5 E 7 W (100 peg/mL) |, HR 45 0 =
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S LR 4 o S AR AR, A6 R FH G i
Rk, D 1 BR 4% bR ik E 1

2 BRSR
2.1 BB . ZEBMEER R2 G4 Fe'" M

K 1(a) . (b)#(e) 2 B H R . R N IR
Xt R2 484k Fe’ " B4 1E

BT a0, R A HLIR Y 25 AR Zead 24 h /2
A ) R Fe T LT 58 Ak A Ak, 3 Rk
R2 AR PRI . 76 3 FAHLIR P, R X R2 A fL 1k
AR g dc i, 24 R vk B2 { 0. 064 mmol/L 1,
24 h A A7 WA A8 B 60% 5 4 Wk E K
0. 127 mmol/Li , 15745 FIREAH L 5¢ 4= S Ak I 7] 48 3R
4 d 7 24 Hovk BE S 3] 0. 254 mmol/L B, Fe’ * 4 48
160 56 4 Bl Al Tuttle 45 {0 BF 5 W, 76 6
BA LR, S0 R AT B8 X HY IR 1) S o it

MR e B 43 B o8 1 mmol/L 110 mmol/Li}, $J
IR HIAE] 98% A1 100% . Gu 4™ iy 5t 1 %6
W, F R A 2 M e o, 2 LYk B 0 0. 08 mmol/L i,
A. ferrooxidans B Ak Fe’* BBe s v s, ME
1(b) F1(e) Bl A, ZE AR I T 0. 1 mmol/L Z & F1 75 FR
A IR R2 JEBL T B R AL RE Sy o T HLA I
BB, MRS B P S A B SRR AN TR N, W DL AR
A R2 484k Fe’ " (ORETT o MR I 2 1R R T 1R
MW EETE 0.2 ~ 0.8 mmol/L JEH A I, 5 N ERAH L
LR R T HBm MK RE . 528 MIL,
0.8 mmol/Lif) Z TR F BRI, Fe’* 58 & % fk
WAl EHHEE 7 dF16 do IIEITR AT DIAG iR . &
B2 M ER AT R2 MYy IR > SR > IR .
2.2 ¥RE. . EBRMSEBRY R2 G4 Fe' #l

SRR (BR FIAT IR X R2 S AL E ) Y 52 R
Z5RME 2(a) (b)) F1(e) Fis,

1001 () 100 1001y
S 80 ~CK S 80 g 8 paby
- 006368 A :
e ¥ B 60 ~02
5 60 o 5 90 ~— CK 0102 @40 ~04
w 40 o3iss F A 04 ~08=2 ¥ To8
20 ® 20 b 20
| : 0 it 0
0 24 48 72 96 120 144 0 24 48 72 96 120 144 0 24 48 72 96 120 144
HifTa) (h) HiHH) (h) Bt i) (h)
Bl AFEUERNTE(a) LB (b) MR (c) %t R2 A4k Fe
Fig. 1 Effects of different concentrations of formic (a) , acetic (b) and propionic acid (¢) on Fe’* oxidation of R2
100
100 100 (©
< 80 5 80 g% ~CK =10 20
s < vt 40 =80
5 60 5 60 3 60
o~ ﬁ =
® 40 & 40 & 40
© ao| ) TOK0408 2010 5y ~CK=+6=+10=20+40 = 20
OF 0! 0
0 24 48 72 120 144 0 24 48 72 120 144 0 24 48 72 120 144
A (h) 18] ( h) I E) ()
B2 R SE R (a) FER (b) FIAT B (o) X R2 A4k Fe’ " SR

Fig.2  Effects of different concentrations of malic (a),

I 2 "] F0 ARG 3 P ALRR b, FEER X R2 4R
KA REPEfRR . 4 HIKEZ N 10 mmol/L i, R2 %1k
Fe " (W HE 1 58 S g Ml FZ R2 A1l DA T
20 mmol/L 3 BB A1 40 mmol/L #78 BR il 3% 7% Sk vp
JEBLT A AGTE M BRI 58 4 Sk Fe® T I IR 43 31
fElE 7 5 d M2 do AE 24 h /Y BE SR A,
0.4 mmol/LF1 2. 0 mmol/L P g #1 % & 73 5 6%

oxalic (b) and citric acid (¢) on Fe’* oxidation of R2
F160% ;6 ~20 mmol/L 3 AR 41 ] Z 1Kk 2] 55% ; 10
~40 mmol/L A7 AR R AW il Ky 60% o WP al I,
SRR R AR S R X R2 A fk Fe’ T 11 # K/
WU - BRR > SRR > AT AR TR o
2.3 HPLC MZELTEHRS FEFIER
2.3.1 AR/AE W& B AR

R A5 AR 10 20 BN S5 R TR B b v R S
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Table 2 Calibration of organic acids

AR MHXRE(r) KR (LOD) (ug/mL) 3 & I [ (min)
B 0.9954 1.0 6.587
Z 0.9991 0.2 10.104
TR 1 0.2 12.755
iR 0.9992 0.00075 5.358
IR 0.999 0.1 7.495
WA R 0.9984 0.1 6.018

2.3.2 13 DOM Zig & ¥ A AUBR 09 . F 5 AT 4 R
B R T {30v 4 b PR Y + 3% DOM IR IR, 7
R B AR AE T AT Gl T SRR 3 R
®3 TEPRISTFEEVNBRHRE
Table 3 Concentrations of LMW dissolved

organic acids in the sample soils

+ 4 LMW A HLER T ( x 10 ~* mmol/L)

R il BRSO ER O ERR O OWEAmR
W 18.37  0.49 4.4 400 19.85 13.86
JEMEX RME 135 9.8 1490 59 LK

SRR BRI g L E R T EA
PLRR W B2 5 5K -9 X Cd V5 G 33 A0 LU ARAIR ;2 Fh +
SERE S RER A AR s, 20 ) 3A E) T 0. 04 mol/L
F1°0. 149 mmol/ L {H J2 7 1 1 A9 7 M 50, B A
R2 A LIAE 0. 064 mmol/L g 0.2 mmol/L Z fg Fl
WL, 2 mmol/L ¥ fg. 20 mmol/L 3¢ H fg
40 mmol/ LAT KR tf H AT AL UF 9 A AL BE Ty o M 7 &5
REW Q) R TRAIRNKE S Z
AH FEARAR , PR A 3 6 v 2 1 B 12 ) 8 R 1P 4R AL
BRELFT A R2 AT LA H] T 0 o 4 Jag ¥ G 4 119§l
A YE S T K X R o LR Y MR 5 R R
J7 R MER H B, R B AR R2 AR T TR R
Y55+ HERE A

3 & it

(1)6 Ak 5 iR 7> 7 A HLER  , R2 X BT R 1)
BRI E Ao o A 24 h N YR EZ AL 0. 254 mmol/L
i, R2 B4R RE ) 58 A gl . AR 6 R HLAR A
/NIRRT Ay - W > LR > NIR > IR
> SRR > AT AR 5

(2) HPLC 3£ 0 & £ ko T A IR KR

S5 FRE VLG T AN 5K A X R R v
i, 4 s E) 0,04 mol/L 1 0. 149 mmol/L, i 5
TR AR S Y BT R X g, I
H 2 Ffr 5 AR 20 o A AL R Vi B 2 S IR T A A T
BR AR AT TR TS A2 v BE . R UL, SRR R B AT IR R2 AT
B TFES R HENEBE,

2 % x #f
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